Control of low sagebrush in northern Nevada increased productivity of understory grass species. On fair condition sites, climax dominant species such as Idaho fescue, bluebunch wheatgrass, and Thurber needlegrass gave a yield response but the response was not obtained for 2 years after treatment. However, the rapid response of Sandberg bluegrass resulted in a significant total perennial grass response the year after treatment. On poor condition sites, squirreltail gave a smaller response and the response was not obtained for 2 to 4 years after treatment.
Low sagebrush species (Artemisia arbuscula and A. longiloba) are found on approximately 28 million acres in the western United States (Beetle, 1960) . This acreage represents about one-tenth of the total sagebrush type. Ecological aspects of low sagebrush and associated soils have been studied (Eckert, 1957; Passey and Hugie, 1962; Tueller, 1962; Robertson et al., 1966; Zamora, 1968; and Summerfield, 1969) . However, range improvement research in this type is limited. Eckert and Evans (1968) Idaho fescue (Festuca idahoensis), or Thurber needlegrass (Stipa thurberiana) may have potential for increased forage production after brush control. This paper describes the understory response obtained.
Methods
This study was conducted at nine locations in northern Nevada from 1964 through 1970. Elevation and precipitation extremes ranged from 5000 to 7300 ft and from 10 to 15 inches, respectively. Low sagebrush was sprayed with propylene glycol butyl ether esters of (2,4-dichlorophenoxy) acetic acid (2,4-D) in May and June, 1963 and 1964 . Brush control ranged from 96-100%. Plots were 20 by 20 ft in a randomized block design with three or four replications.
Vegetation changes after brush control were evaluated by plant frequency (Hyder et al., 1963) . On treated and check plots, five transects of five quadrats each were sampled the year of treatment and 5 years later. Quadrat size was 7.5 280 by 7.5 inches for Sandberg bluegrass (Poa secunda) and annual species, 15 by 15 inches for squirreltail (Sitanion hystrix), and 30 by 30 inches for other grasses, forbs, and shrubs.
Perennial grass production was determined each July on two ZO-fts subplots in each main plot. Production of annuals was determined on one 20-f@ subplot. Subplots were rotated so that the same areas were not clipped more often than once in 3 years. After 3 years, no effect of previous clippings was observed. Only herbaceous species are represented in production data.
An attempt was made to determine some reasons for yield responses measured.
Gypsum soil moisture blocks were buried in treated and check plots at five sites in 1964. One block was at 6 inches, one in the B2 horizon (approximately 12 inches), and one in the B, horizon (17 to 34 inches). Readings made in spring and summer of 1964 to 1970 were converted to bars of soil moisture tension. Herbage of dominant grass species was harvested in April, May, and June of 1968 and 1969 to quantify an early spring growth response observed. On each date, soil moisture blocks were read. Soil samples from the O-3, 3-6, and 6-12-inch depths were collected and analyzed for NOs-N by the phenoldisulfonic acid method (Chapman and Pratt, 196 1) . Herbage was analyzed for nitrogen by the micro-Kjeldahl method.
Data were analyzed by the analysis of variance and treatment means were compared by Duncan's Multiple Range Test. Probability of < .05 was accepted as significant.
Vegetation at three locations was classified into three distinct and different habitat types: low sagebrush/bluebunch wheatgrass (Duck Creek); low sagebrush/Idaho fescue (Dobe Summit); and low sagebrush/ Thurber needlegrass (Bishop Flat). Soil was described and classified according to Soil Taxonomy (USDA, 1970). Soil morphology and root distribution suggest a reason for differences in productive potential.
Soils at Duck Creek and Dobe Summit have clay loam to light clay textured B horizons, weak to moderate angular and subangular blocky structure, and roots at 20 to 30 inches. Soils at Bishop Flat and Silver Creek have heavy clay B horizons, abrupt textural change between the A and B horizons, strong columnar and strong subangular blocky structure, and very few inped roots below 9 to 12 inches. Apparently structure of the montmorillonitic clay B argillic horizon can effectively limit rooting depth and, therefore, productivity. Summerfield (1969) reported that the zone of inped rooting in claytextured B horizons determined the distribution of low sagebrush and big sagebrush (A. trident&a). White and Lewis (1969) showed that certain native grass species do not grow on Dense Clay Range soils presumably because roots are not adapted to the constricting and stretching forces in these soils.
Range condition at time of treatment was not determined quantitatively. However, judgement of condition was based on productivity of relict low sagebrush sites in Idaho (Passey and Hugie, 1962 ) and on frequency data from very good low sagebrush sites in Nevada (Zamora, 1968) . Silver Creek was considered to be in very poor condition at time of treatment due to lack of climax dominant grass species, and an abundance of native and alien annuals such as cheatgrass (Bromus tectorum) in 1967 and 1968 resulted in soil moisture variations. Therefore, we could evaluate the effects of these variations on herbage yield by year and by treatment. Production on treated plots was 294 lb./acre more in 1967 than in 1968. In 1967, soil moisture tension did not exceed 4.0 bars to depths of 30 inches until after harvest in July. In 1968, however, moisture tension at 30 inches was above 15 bars throughout the spring and summer, and tension at 12 inches was above 15 bars on July 1.
The effect of brush control treatment was evident in 1968. Production of perennial grasses was 200 lb./acre more on treated plots. Again, soil moisture appears important. Until May 28, moisture tensions were similar on treated and check plots. On June 18, tension at 12 inches on the check was above 15 bars, but did not exceed 8 bars on treated plots. By July 11, tensions at 6, 12, and 30 inches on the check were well above 15 bars. On treated plots, tensions at 12 and 30 inches were also above 15 bars, however, at 6 inches moisture tension was only 0.4 bar. Precipitation of 2.5 inches in June wet the soil to a depth of between 0 and 12 inches. Soil moisture was rapidly utilized by brush and grass on the check, but was available longer for grass production on treated plots.
Soil moisture tensions on treated and check plots in April and May were similar at all locations each year after brush control. However, Idaho fescue at Dobe Summit produced more herbage on treated plots by May 1, 1968 and by May 12, 1969 (Table 2) . Where dominant, bluebunch wheatgrass gave a growth response by May 1, 1968 and by April 28, 1969 . Thurber needlegrass at Bishop Flat did not give an early spring response in either year. Squirreltail, as a subdominant to either Idaho fescue or Thurber needlegrass, did not respond on the earliest date but did respond by the middle of May in one year. On low condition sites, neither squirreltail, as the dominant species, nor Sandberg bluegrass gave an early spring growth response. Hyder and Sneva (1956) and Hedrick et al. (1966) suggest the importance of competitive use of soil nitrogen to explain the total herbage response obtained after control of big sagebrush. Soil nitrogen may also explain an early spring response after brush control. Eckert et al. (1970) found NO,-N accumulation in fallowed big sagebrush soil as early as February. However, low sagebrush soil samples collected during the spring generally showed no significant difference in NO,-N.
The exception was Duck Creek where, in the O-12-inch depth, respective NO,-N levels on May 1 and May 28, 1968 on treated plots were 3.7 and 3.0 lb./ ECKERT ET AL.
acre compared to 1.5 lb./acre on both dates on the check. In May, 1969 NOs-N was significantly greater on the treated plot (8.0 lb./acre) than on the check (3.2 lb./ acre).
Instead of accumulating, NO,--N could also be immobilized in plant tissue or lost.
Nitrogen in grass samples from treated and check plots did not vary significantly due to treatment, species, or date in either 1968 or 1969, however, some trends were evident. Herbage from treated plots generally had a higher percent N than did herbage from the check. During late April and early May, squirreltail had a higher nitrogen content than did Idaho fescue or Thurber needlegrass.
Nitrogen recovery was calculated from species yield and percent N. On poor condition sites the amount of nitrogen recovered from treated and check plots did not vary significantly.
However, on sites in better condition such as Dobe Summit, significantly more nitrogen was recovered from treated plots than from the check ( Table 2) . Calculations for bluebunch wheatgrass at Duck Creek showed respective nitrogen recovery from treated and check plots of 2.8 and 0.8 lb./ acre on April 28; 4.0 and 1.6 lb./ acre on May 12; and 7.5 and 1.8 lb./acre on May 26, 1969. Respective nitrogen recovery from Thurber needlegrass and squirreltail on treated and check plots at Bishop Flat was 4.4 and 2.7 lb./ acre, 7.1 and 3.1 lb./acre, and 2.9 and 1.4 lb./acre on the same dates. Evidently the NOs-N mineralized is utilized rapidly by grass on treated plots and by grass and brush on checks. On treated plots, NO,-N was not competitively used by brush and more was available for early spring grass production as well as for total yearly production. No yield response on check plots indicates competitive use of nitrogen by low sagebrush with less available to grass for early spring growth or for total production.
Sneva et al., (1958) obtained a similar response with crested wheatgrass. They found that grass growth prior to June 1 was seldom restricted by soil moisture, but by low temperature and limited soil nitrate. Additional soil nitrogen accelerated spring growth, increased total production, and improved water use efficiency.
The amount of nitrogen recovered in the forage may not account for all the NO,--N mineralized. Waterlogged soil conditions in early spring would be conducive to losses from denitrification under anaerobic conditions, leaching, and runoff. In addition, forbs and minor grasses were not harvested and analyzed for nitrogen.
Management Implications
The land manager should know the improvement potential for each kind of land he administers. This knowledge should include the stage of deterioration when certain practices will be effective, the total and species response expected, and hydrological and wildlife considerations.
Results of this study show that an understory of Idaho fescue, bluebunch wheatgrass, or Thurber needlegrass will give a yield response when low sagebrush is controlled. The greatest response will be obtained on high-potential sites in fair condition.
Since dominant grasses do not respond for 2 years after treatment, grazing should be managed accordingly.
A grazing system which allows seed production, trampling to plant seed, and a non-use period should increase establishment of new plants in the interspaces. Spring grazing capacity was also increased by brush control. Therefore, treated areas could be utilized by more livestock earlier in the spring than untreated areas.
On sites in poor range condition, squirreltail gave a smaller response and the response was not obtained for 2 to 4 years after treatment. Annual species may increase rapidly the first year after treatment and can suppress the perennials. Low condition sites probably should not be treated for brush control unless some kind of intensive management can be practiced for control of annuals. Early spring use may be a tool for this purpose.
Increased density, vigor, and growth of bunchgrasses after treatment of fair condition range suggest more favorable hydrological characteristics. Treated sites would have more plants in the interspaces, more fibrous roots in the surface soil horizons, more organic matter, better soil tilth, and more herbage and basal area cover. Loss of shrub cover may be unimportant.
The coppice dune beneath shrubs has a high water infiltration rate with very little runoff after brush removal (Blackburn and Skau, 1971) .
Areas within the low sagebrush type are used by sage grouse (Centrocercus urophasianus) for strutting grounds, nesting, roosting, loafing, and escape cover. In addition, sage grouse are dependent upon sagebrush species and associated forbs for a major portion of their diet. Herbicidal control of low sagebrush will destroy this habitat. Therefore, to maintain sage grouse habitat, large-scale low sagebrush control projects should be joint ventures between the land management agencies and wildlife interests to select sites for treatment.
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